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Introduction
Global migration is a complex system inuenced by a mix of social, economic, political and demographic factors. In many developed countries, international migration is an important driver of demographic growth, often accounting for over half of the population change (Lee, 2011) . Comparable international migration data informs policy makers, the media and academics about the level and direction of population movements and allows hypotheses on the determinants and patterns of peoples moves to be tested.
Moves in populations can be quantied using either migrant stock or migration ow data.
Unlike a static stock measure, ow data are dynamic, summarising movements over dened period and consequently allow for a better understanding of past patterns and the prediction of future trends. Until recently net migration ow estimates produced every two years by the United Nations have served as the sole comprehensive source of global migration ow data. However, as with any net measure, they are susceptible to distorting and disguising the underlying patterns (Rogers, 1990) and hence are of limited explanatory use. More detailed measures, such as the immigration and emigration counts into each country, or country to country bilateral ows are far better equipped to explain and predict global migration trends. Currently only a minority of countries collect detailed ow data. When comparing available ow data, major problems exist stemming from the use of dierent denitions and measures employed by national statistic institutes and the availability of data over dierent time horizons (Kelly, 1987; Kupiszewska and Nowok, 2008; Nowok, Kupiszewska, and Poulain, 2006) . In the European context, where ow data are more plentiful, methodologies to harmonise existing data have been developed (Abel, 2010; Beer et al., 2010; Raymer, 2007; Raymer et al., 2013; Wi±niowski et al., 2013) . Each are severely limited in their application to a global setting where missing data becomes a major issue. Hence, in order to obtain an understanding of global migration patterns, indirect methods must be used to estimate international ows using alternative data sources.
Previous studies of global migration patterns such as those of Zlotnik (1999) , National Research Council (2000), Martin and Widgren (2002) or Castles, Haas, and Miller (2013) have been based on a patchwork of net migration ow data, changes in bilateral stocks over time and available, unharmonised ow data from predominately rich Western countries. A growing literature of work has developed based on bilateral migrant stock data (Beine, Doquier, and Özden, 2011; Czaika and Haas, 2014) to explain changes in contemporary migration patterns.
However, in countries where there are signicant return migration or mortality among foreign populations the analysis of stock data can provide a misleading portrait of migration systems (Massey et al., 1999, p.200) . Further, stock data based on place of birth are an aggregate of moves over individuals lifetimes causing a number of problems when used to measure contemporary migration. For example, patterns of intermediary moves between individuals birth and the date of data collection are not captured. Native born stocks are likely to lower in younger countries, where the sum of years lived, and hence the cumulative time available to people to emigrate, are lower. Recent studies of global migration patterns such as Hawelka et al. (2014) ; State, Weber, and Zagheni (2013) ; Zagheni and Weber (2012) or Zagheni et al. (2014) have focused on short term mobility measures derived from data sources based on individuals geolocated of internet activities such as twitter messages or logins to email services. As the authors note, the data in these may not be fully representative of the whole global population.
Indirect methods have recently been used to estimate global bilateral migration ows using changes in published bilateral migrant stock data. Abel (2013) used global bilateral stock tables from the World Bank to derive global bilateral ow estimates between 1960 and 2000 over four ten-year periods via a proposed ows from stocks methodology. The methodology was altered slightly, and then applied by Abel and Sander (2014) to estimate bilateral migration ows over four ve-year periods between 1990 and 2010, based on the changes in global bilateral stocks of the United Nations. The alteration in the methodology allowed the dierence of the estimated immigration and emigration ow totals to match the net migration estimates of United Nations Population Division (2011).
In this paper, the methodology of Abel (2013) and Abel and Sander (2014) is extended once more and applied to estimate ve and ten-year migrant ows separately by gender between 1960 and 2010. The application of the revised methodology allows for an updated view of international migration over a far longer time period. Estimates by gender quantify the dierences in male and female global migration ow patterns which are known to have distinct variations in the origin and destinations by gender (Donato et al., 2006; Zlotnik, 1995) and have only previously been measured using net migration statistics. Estimates over both ve and ten-year periods enable for contrasts between possible dierent global migration transitions rates to be identied.
Estimates of ows will also be based on a variety of migrant stock and demographic data to study their sensitivity to alternative bilateral stocks (of the United Nations and World Bank) and revised estimates in the number of births and deaths over a given interval. The culmination of the country to country ows estimates varying by dierent gender, time periods, intervals, stock and demographic data, provides a combined set of 108 estimated migrant ow tables, far exceeding those in the previously discussed ows from stocks estimation studies.
In the next section the methodology to indirectly estimate origin-destination ow tables from changes in bilateral stock data is outlined. In Section 3 an overview on the various migrant stock and demographic data, required as inputs for the estimation methodology is provided. In Section 4 the results from the estimated ow tables are shown at dierent levels of analysis.
The sensitivity of the estimates to alternative demographic input data and changes in political geography are then discussed before the nal summary and conclusion. The appendix provides a detailed review of the ows from stocks methodology outlined in Section 3.
Methodology Background
Available bilateral migration data can be categorised as either a stock measure, that represents a static number of a foreign population dened by a characteristic such as their place of birth or a ow measure, that represents the dynamic movements of populations between origin and destinations. In comparison with ow data, the static nature of stock data leads to far fewer issues in its measurement and collection. As a result migrant stock data are available across a wider range of countries and over longer time periods than migrant ow data. Groups at both the United Nations and the World Bank have collated together estimates of past stock data to build global bilateral tables of migrant stocks.
Changes in bilateral migrant stock sizes over time, dened by the place of birth of individuals, can be the result of 1) increase in the size of native born populations from births, 2) reductions in the size of both foreign and native born populations from deaths and 3) migrant ows that can either increase or decrease migrant stock sizes. When data on both bilateral migrant stocks at the start and end of period are available it is possible to indirectly derive the number of bilateral migrant ows by viewing each population stock as part of demographic accounting system.
Consider the hypothetical case where there are no births and deaths over a given time interval. Changes in bilateral stocks in each location must be solely due to migrant transitions. Figure 1 illustrates this case using a schematic of a simple demographic account framework based on dummy example data at time t and t + 1 and a global migration system consisting of four countries. Blocks represent the size of bilateral migrant stocks at the start and end of interval. They are grouped together by the country of birth. For example, for those in born in country A are shown in the top left; 100 are native born citizens, living in country A at time t.
A further two sets of 10 people born in A are living abroad in countries B and C, whilst none live in country D. At time t + 1, the distribution of those born in country A alters. The native born population has dropped by 30, whilst the stock living in country B and D has increased. Note, the total population of those born in A residing in any country does not change over the time period as there are no births or deaths, and birthplace is xed characteristic that cannot alter over time.
There are many thousands of possible combinations of moves that can take place over the time period to match the changes in these migrant stock. However, at a minimum at least 20 migrants must leave A and arrive in B, and a further 10 must leave A and arrive in D. The minimum amount of migrant transitions for all birth place populations in a global system can be indirectly estimated using an iterative proportional algorithm, details of which are given in the Appendix. The results of the applied indirect estimation method for the global system of four countries are shown by the arrows in Figure 1 . These estimates can be used to derive a traditional origin-destination migrant ow table in Table 1 by summing over places of birth. For example, the 25 moves from D to B in Table 1 are comprised of 10 from those born in A, 15 from those born in C and 10 from those born in D (each shown in Figure 1 ).
The estimated ow in both Figure 1 and Table 1 Figure 1 .
number of movements will be at least as high and the number of translations, there is no simple mathematical solution to estimate one from the other.
The demographic framework in Figure 1 can be extended to account for demographic changes from both births and deaths, which are likely to have large impacts on the changes in bilateral migrant stocks data. In the case of deaths over a given time period, the migrant stocks can be adjusted by subtracting the estimated number of deaths in each population block at time t in Figure 1 before any ows are calculated. The reduction accounts for potential drops in migrant stocks at time t + 1 which might otherwise result in higher estimates of the number of outward migrants. A similar procedure can also be performed to account for changes in stocks from births. As birth place itself is a dening characteristic of bilateral migrant stock data, the number of newborns can be subtracted only from the native born populations at time t+1 1 . The reduction accounts for potential increase in migrant stocks from time t which might otherwise result in an increase in the estimate of return migrants to their birthplace. More details of the demographic accounting framework and adjustments for births and deaths are given in the Appendix.
Input Data
The estimation of international bilateral migration ow tables requires two sets of input data.
First, bilateral stock tables are required at the start and end of a given period. Currently, both the United Nations and World Bank provide bilateral stock data. Each set of data cover diering periods and use dierent estimation methods to impute missing bilateral stock data.
Second, demographic data on the number of births, deaths and population. Births and death information are required to alter stock data for natural change. Population data is needed to derive estimates of the native born population size typically not given in bilateral stock tables but required to estimate ows using the method outlined in the previous section. Background details for each of these input data sources are discussed in the remainder of this section.
The World Bank (Özden et al., 2011) provide foreign born migration stock tables at the 1 Note, if a newborn has a mother that is living outside her country of birth, the newborn itself will belong to the native born population at the end of the time period unless they migrate before the end of the time period (which is assumed not to occur). 
Results
Using the ow from stock estimation method and dierent combinations of input data discussed in the previous two sections, 108 dierent country to country bilateral migration ow tables were produced. Of these, 36 were of estimated migrant ow transitions over ve ten-year periods between 1960 and 2010 where the 1990-2000 ow was calculated twice; once from the World Bank data and once from the UN data. In each period multiple ow tables were calculated based on alternative stock data for each gender; male, female and both, and alternative demographic data; WPP2010 and WPP2012. The remaining 72 migration ow tables were based on ten ve-year periods over the interval, where the 1990-95 and 1995-2000 ows were calculated from both the UN and World Bank stock data, with alternative input stock and demographic data.
2 Data available from http://data.worldbank.org/data-catalog/global-bilateral-migration-database 3 Data available from http://esa.un.org/unmigration/TIMSO2013/migrantstocks2013.htm In order to estimate ve-year migrant ow tables, mid-decade stock tables are required.
In any decade these can be imputed through a procedure similar to that used by the UN to align census and survey data at the beginning of each decade. This process consists of rst interpolating the proportions of each bilateral foreign born population in the stock table to its mid-decadal value. The proportions are then multiplied by the available mid-decade population total of the appropriate year to provide complete mid-decade bilateral stock estimates.
The culmination of the country to country ows estimates vary by dierent gender, time period, interval length, stock and demographic data, providing a combined data set with over four million entries. The results in this section are rst discussed with regard to summary statistics of the ow tables. Then, the bilateral patterns as well as immigration and emigration trends are summarised at the regional level. Full estimates of country to country ows are provided in the supplementary materials or from contacting the author. Note, throughout the remainder of this article, when referring to an estimated ow, the estimate have the properties outlined in the methodology section, namely, a minimum number of migrant transitions required to match the changes in the given stock data, controlling for estimates of births and deaths. The true migrant transition ow may well be higher, and an estimate itself is subjected to errors propagated from varying degrees of inaccuracy in the stock or demographic data as well as the inherent assumptions in the methodology used to estimate the ow.
Global Level Summary Statistics
In Figure 2 summary statistics for estimated global migration ows over time are displayed using the ggplot2 package (Wickham, 2009) In order to illustrate the pattern of estimated bilateral relationships, a set of six circular migration plots are shown in Figure 4 .2. Plots were created in R using the circlize package (Gu et al., 2014) 5 . The direction of the ow is indicated by the arrow head. The size of the ow is determined by the width of the arrow at its base. Numbers on the outer section axis, used to read the size of movements are in millions. Each plot is based on ows over a ten-year period, aggregated to selected regional levels. 4 Bilateral stocks were available for the aggregation of Serbia and Montenegro and Sudan and South Sudan in both the World Bank and UN data. The corresponding demographic data was derived from the aggregation of the individual country information provided in each WPP. 5 Full details of the implementation of the R code for bilateral migration data can be found in . 6 Except for Polynesia, Melanesia and Micronesia which are aggregated to a Pacic Island region. 
Flows by Gender
Female and male total ows and crude migration rates are shown in Figure 6 . The patterns of both statistics follow similar paths as those in Figure 2 
Sensitivity Analysis
Estimates of migrant ows from stock data can potentiality be sensitive to the input data used In the remainder of this section a further analysis of the sensitivity of estimates to alternative demographic data, the other source of input data required to estimate ows from stocks, is studied. This is followed by a comparison between the ows presented in the previous section with those adjusted for changes in political geography.
Demographic Data Source
The UN Population Division updates demographic estimates for all countries every two years.
The results presented so far have all been based on the WPP2010 version. Total migration ow estimates and crude global migration rate based on the WPP2012 are shown by the dashed line in Figure 9 . The total ows from the WPP2010 data are given by the solid line and match those in Figure 2 . The updated demographic data have a noticeable eect on increasing the total estimated ows of both the ten-year and ve-year interval estimates during the last decade. For example, the estimate of all ows for the ten-year interval 2000-10 is 82.85 million, 4.89 million higher than estimates using WPP2010 version.
Higher migration from the WPP2012 data are partly due to an increased number of countries used. For estimates based on World Bank stock data, ows for four additional countries; Antigua and Barbuda, Kiribati, Seychelles and Taiwan, can be estimated, as complete demographic data births and deaths over the period were also revised down by 12.00 and 5.77 million. When the updated demographic data of the WPP2012 were used to estimate the ows, the immigration into 7 Note, although World Bank provided stock data for each of these countries, estimates based on WPP2010 data were not possible due to the lack of demographic data in WPP2010. 5 1970 1980 1990 2000 1970 1980 1990 2000 1970 1980 1990 2000 1970 1980 1990 2000 1970 1980 1990 2000 One further large change during the 2000-10 period from alternative demographic data was for ows into Russia. In the WPP2012 data Russia had a positive net migration over the tenyear period of 2.7 million whilst in WPP2012 the value increased to 3.89 million. This revision is passed to input data via a higher 2010 population (revised up by 0.66 million) and a lower number of deaths (revised down by 0.5 million). Consequently, larger ows of Russian born from abroad are estimated to return to match the greater native born population in Russia.
The biggest of the estimated ows come from countries with high Russian born populations predominately in other Eastern European and Central Asian nations, as well as the USA (356 thousand, up from 56 thousand for estimates based on WPP2010 data) and Germany (175 thousand, up from 6.5 thousand).
In some regions, such as North America, Northern Africa, Western Europe or South-Eastern Asia, the choice of demographic data leads to dierent immigration and emigration estimates, depending on the period at hand. As shown in Figure 10 these dierences tend to be less than a million either way. For other regions, such as Western Africa, Northern Europe, Western Asia the demographic data used only have an eect on estimates during the later time periods. In other regions, such as the Caribbean, Middle Africa or Australia-New Zealand, the demographic data have very little eect on the gross number of immigrants and emigrants estimated.
At the country level further contradictions between the input demographic and stock data were found due to unexpected estimated ows that they produced. For example, during 2005-10 the demographic data imply net migration for Poland of +55 thousand (WPP2010) or -70 thousand (WPP2012). These dierences contradict the large increases in the UN stock data of Polish born in major destinations countries over the same period, such as the UK and Germany. As the estimation methodology is crude global demographic account, the increases in Polish stocks in the UK and Germany are matched with estimated ows from reported decreases in Polish born populations in the stock data, mainly in France, the US and Canada. Only small amounts of ows from Poland are estimated when the WPP2012 data are used, as the methodology is constrained to the implied net migration (-70 thousand) in the demographic data.
Changes in Political Geography
The estimates presented thus far are based on the availability of information from both migrant stocks and the demographic data. The result are ows over sets of countries with two noticeable features. Firstly, both historical migrant stocks and demographic data are provided for countries which at given periods of time might not necessarily been fully edged separate nation states. In order to analyse the eect of the rst of these features; changes in political geography, estimates of ows which at the time would be considered internal migration can be set to zero.
Then ows into and out of the old set of unied countries can be aggregated, resulting in a new set of bilateral ow estimates between a set of countries that varies over time. In Figure 12 the total ows for estimates adjusted for changes in political geography are plotted using a broken line and the original estimates with a xed set of countries throughout the period are plotted using the solid line. In comparison to the total ows based on the xed set of countries, the adjusted estimates previous to 1990 are lower. Estimates of both the ve and ten-year ows during the earlier periods no longer show a steady increase. Instead, global 8 Estimates for ows in Abel and Sander (2014) incorrectly treat UN stock data for Serbia, Montenegro, Sudan and South Sudan in 1990 and 2000 as separate countries 9 Demographic data, not provided for the unied areas were obtained by combining data from the separate countries Consequently, the percentage of estimated migrants, shown in the bottom panel of Figure 12 during this period falls more sharply than estimates based on a xed number of countries.
Summary and Discussion
Global international migration is an ever changing process. Migrant stock data, based predominately on a single transition from the place of birth to the place of residence, only manages to capture part of the dynamic nature of international migration. Indirect estimates of migration ows provide a more robust basis to understand contemporary movement patterns during a given period, where no existing source of ow data exists.
In this paper, global bilateral ow tables were estimated by gender from 1960 through to 2010. A large proportion of the estimated ows were zero and the overall distribution of non-zero ows were skewed towards small counts. These characteristics are driven by the stock data and the inherent assumptions required in ows from stock estimation methodology. In both the World Bank and UN there are large amounts of zero bilateral migrant stocks throughout, which results in zero ow estimates. As highlighted in the methodology section, the estimated ows are not approximations to a true ow, but instead are the minimum amount of migrants required to match the demographic data and changes in migrant stocks.
The estimates of bilateral migration ows presented provide a number of new insights to the global migration ow literature. First, the methodology of Abel (2013) and Abel and Sander (2014) is extended and applied to cover a wider time period and to estimate migrant ows separately by gender. Second, the presented bilateral ows provide an updated view of international migration to those outlined by Zlotnik (1999) and National Research Council (2000) , who used a patchwork of migration data. Whilst the patterns and drivers of migration ows are discussed in far less detail in this paper, many of the observed trends of previous studies are represented in the estimates. Third, estimates of bilateral ows provide a far greater depth to the understanding of international migration than can be obtained from net migration measures. As Rogers (1990) details, net migration statistics are fundamentally awed as they are based on a non-existent population. Further, they are sensitive to changes in both immigration or emigration patterns and hence their time series are often volatile. Fourth, whilst ten-year estimates based on the World Bank data are comparable to those of Abel (2013) , the estimates in this paper use an extension of the methodology developed in Abel and Sander (2014) . This extension results in dierent estimated bilateral ow tables, with the net migration matching those of the United Nations Population Division (2011, 2013b) .
The choice of input data used were found to have an inuence on the estimated ows. Stock data was found to have an impact on the average estimated ow size and the number of zero ows. These are caused by the dierent methods used by the UN and World Bank to provide complete and comparable bilateral stock estimates. Demographic data was found to bare some inuence on the scale of migration ows particularly for estimates during more recent periods where data revisions to demographic data were greater. Flows were estimated over both ve and ten-year periods in order to quantify migrant transitions over a variety of time scales. Estimates over ve-year periods were found to detect large movements, such as those induced by armed conicts or political changes that were not as clearly identiable for estimates over ten-year periods.
Estimating ows from changes in the stocks and controlling of births, deaths and population sizes forms a crude global account of demographic data. This account allows, for the rst time, a comprehensive system to compare global demographic data for inconsistencies, check for errors and match available data with conceptual models or known migrant ows. The estimates presented in this paper uncovered a number of unexpected results which can be sourced to errors or inconsistencies in the stock or demographic data used as inputs. For example, large ows of Chinese born were estimated to go in and then out of Hong Kong during the 1960's and 1970's. Revisions in demographic data resulted in large increase in the stock of the native born population in Russia, which was accounted in the methodology through increased return ow of Russian born migrants. Initial estimates for ows into and out of the State of Palestine were implausible due to the size of incompatibilities between the demographic and stock data. This deciency was handled by an extension to the methodology outlined in the Appendix. In both of the latter two cases the unusual ow estimates are derived from underestimates of the native born populations, which are themselves derived from the dierence in the total and foreign born populations. It is most likely that the source of the underestimation lies with counts of foreign born rather than the total population as demographic estimates of population size are relatively more simple to produce. Further, in the case of Russia it is likely that the next revision of stock estimates by the UN will utilise the latest population size data to estimate foreign born counts, as has been the case with past versions. Future World Bank stock estimates might also employ improved estimation procedures, as used for more recent estimates of bilateral stock tables by gender and skill level (Artuç et al., 2012) . In other cases, as with the estimates of recent Polish migration ows, there appears to be a contradiction between the stock and demographic data, caused by a lower than expected net migration estimate.
International migration depends on a complex mix of social, economic, political and demographic factors. Comparable international migration ow data are needed to better understand the role of these factors and eectively govern. To this end, bilateral estimates, such as those presented in this paper, provide a more comprehensive insight into past migration patterns, by gender and over dierent period lengths, than previously available. It is hoped that they can serve future migration scholars to better explain and predict international global migration trends.
Appendix A Representing Bilateral Migrant Stock Data in Flow Tables
Bilateral migrant stock data can be represented using contingency tables. For example, the bilateral migrant stock data at time t and t + 1 given in Figure 1 can be displayed in two contingency tables as in Table 2 . In each table, the rows represent a categorization of the population, which for the stock data used in this paper is birthplace. Figure 1 .
The row totals in each contingency table represent the count of people born in a given location across all places of residence. For the dummy example data used in Table 2 , where there are no births or deaths during the period between, the row totals are the same, as country of birth is xed characteristic. In this case, where births and deaths have been accounted for, Abel (2013) showed that bilateral migrant stock data can be re-represented as birthplace specic origin-destination migration ow tables with known margins as shown in the bold typeface in Table 3 .
The (originally) unknown cells within the migrant ow table represent birthplace specic non-movers on the diagonal and birthplace specic migrant transitions on the non-diagonal.
Abel (2013) outlined two assumptions to estimate these unknown cells. The rst is based on a maximising assumption to x the diagonal terms to their highest possible value, conditional on the known marginal stock counts. These are illustrated by the italic typeface in Table 3 . Flow counts within the birthplace migrant ow table are then estimated by assuming a log-linear model adapted from Raymer, Abel, and Smith (2007) Sum  10  55  140  50  255  Sum  40  45  0  180  265   Table 3 : Bilateral stock data of Table 3 arranged as birthplace specic origin-destination migrant ow tables.
proportional tting type algorithm fully detailed in Abel (2013) and available in the migest R package (Abel, 2012) . Given the parameter estimates, the imputed values for the non-diagonal elements shown in each of the birth place specic ow tables can be estimated. These estimates match those shown in Figure 1 and can be summed over birthplaces to provide the origindestination ow table shown in Table 1 .
Underlying the estimation of the ows is a log-linear model which includes an oset term.
This term allows for a single set of auxiliary information to be used in the iterative proportional algorithm to augment the estimated ows and provide more realistic estimates. In the example of The application of the ow from stock methodology outlined in the section above relies upon an equal row totals (the population of people born in each area) at the beginning and end of the period. In the case where there are births and deaths over the period, row totals are unlikely to be equal, as is the case in the dummy example data of In order to account for births and deaths over the period, Abel and Sander (2014) showed that the stock data can be adjusted through a multi-step correction process, resulting in altered migrant stock tables with equal row totals. In the rst step of the process, deductions to the bilateral stock data are made to account for natural population change. The number of deaths during the time interval, supplied from basic demographic data, are subtracted from the available bilateral stocks data at time t. As the disaggregation of the number of deaths in each place of residence by birthplace is typically not known, estimates can be obtained by assuming equal mortality rates for all migrant stocks and the native population. The count of the number of deaths can then be proportionally spread to each sub-population 10 . This step is illustrated on the left hand side of Step 1 in Table 5 . The known total number of deaths, given in bold type face in the nal row, is proportionally split according to the population stock sizes in time t.
To control for increases in native born population totals from newborns, the number of births between t and t + 1 is subtracted from the reported stock data at time t + 1. As with deaths, data are typically only available on the total number of births during an interval, and not their subsequent location at time t+1. Assuming there is no migration of newborns, the total number of births can be subtracted from the native born populations. This is illustrated on the right hand side of Step 1 in Table 5 , where the known total number of births is given in bold type face. These newborn population totals are assumed to reside in the same place of residence at time t + 1 for countries A, C and D.
In country C an alteration is made to previous demographic accounting methodologies presented in Abel (2013) and Abel and Sander (2014) . When initially applying previous methodologies to the range of stock and demographic data used in this paper occasional negative estimated migration ows would result. These cases occurred where place of birth stock data imply a change in native born population which directly conicts with changes in demographic data unless there is mass emigration of all newborns. For example, for the State of Palestine the native born population size, calculated as the residual of the total population from UN demographic data and the foreign born population from the World Bank migrant stock data is 10 In the case of Abel and Sander (2014) , additional information on the median age of native born and foreign migrant stocks (as a whole) in each country between 1990 and 2010 were used to proportion fewer deaths to the relatively younger group. This approach is not used to calculate the results in this paper as no equivalent data on the median age of migrants exist for the World Bank stock data.
Step 1 Step 2: Estimated Altered Stocks Place of Residence (t) Place of Residence (t + 1) Step 3: Re-estimated Altered Stocks Place of Residence (t) Place of Residence (t + 1) Table 5 : Multi-step demographic account framework using stock data from Table 4 estimated to be 0.54 million in 1970. The number of births over the ten-year period prior to 1970 is given by United Nations Population Division (2011) as 0.59 million. If the number of births are subtracted from the native born population, a negative total results in the bilateral stock post an adjustment for natural population change. Further on in the estimation process, negative ows are estimated to match the negative native born stock total. In order avoid this case, the number of births are distributed proportionally to all migrant stocks at time t + 1
cases where there appears to be a direct conict between the migrant stock and demographic data. Note, in all the 108 estimated migrant ow tables discussed in this article, this alternative assumption was required for only one country (the State of Palestine) when calculating ten-year ows in a few selected decades.
Adjusted stock tables, where both the death and birth estimates of the previous step are subtracted cell-wise from the original data in Table 4 , are shown in Step 2 of Table 5 . The overall totals of the altered stock tables are now equal, as the dierence in the original data between the two periods (805 − 750 = 55) is fully accounted for by the natural increase from births and deaths (145 − 90 = 55). However, as the new altered stock tables do not have equal row totals, further adjustments are required in order to estimate migrant ow. These dierences are likely to represent the sum of dierences in migrant stock data collection procedures of each region. As in Abel and Sander (2014) , a simple iterative proportional tting scheme is applied to scale each stock table to 1) maintain their column totals in Step 2 and 2) x the row totals to an average of the adjusted row totals obtained in Step 2, and 3) maintain the same interaction structure with in the re-estimated stock totals as in those calculated in Step 2. The resulting re-estimated altered stock are shown in Step 3 of Table 5 .
As the re-adjusted estimates shown in Stage 3 of Table 5 have the same row totals in t and t + 1, the updated stocks can be considered as a set of marginal totals for a set of birthplace specic ow tables as given in by the bold type face in the top panel of Table 6 . The same assumptions as in Table 3 can be used to set the diagonal cell values for the non-movers in italics, allowing the iterative proportional tting algorithm of Abel (2013) to estimate the unknown ows in the non-diagonals. Aggregating over all birthplaces and removing those with same origin and destination in the diagonal elements gives a traditional origin-destination ow table of migrant transitions during the time period t to t + 1 shown in the bottom panel of Table 6 . Estimates are not directly comparable with previous ow shown in Table 1 and Table 3 as they are formed from a dierent set of migrant stock data in t + 1. Table 6 : Bilateral stock data of Table 4 , controlling for natural change as in Table 5, arranged as birthplace specic origin-destination migrant ow tables with resulting ow estimates.
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